SUMMARY A group of 111 patients with mitral valve disease was studied by M-mode and two-dimensional echocardiography. Five left atrial thrombi were demonstrated, two of which had probably been the source of previous embolic events. Two-dimensional Despite these limitations, the information provided by echocardiography can be most helpful in patient management. M-mode, in combination with two-dimensional echocardiography, is therefore recommended in all patients with mitral stenosis before invasive diagnostic or therapeutic procedures are undertaken.
The mobilisation of a left atrial mass with production of systemic emboli is a rare but justly dreaded complication during invasive diagnostic or therapeutic procedures. '-3 M-mode echocardiography has now become an established non-invasive method for the early detection of myxomas prolapsing into the mitral orifice during diastole.4 5 But this method is supposed to be inadequate for the diagnosis of immobile masses, especially mural left atrial thrombi. 6 The advent of two-dimensional echocardiography with its ability to provide spatial orientation seems to give better diagnostic perspectives.
This report describes experience with both M-mode and two-dimensional echocardiography in the detection of left atrial thrombi in mitral stenosis.
Subjects and methods
A total of 111 consecutive patients with significant mitral stenosis were studied who were referred to Received for publication 2 May 1980 the cardiovascular laboratory for catheterisation between August 1978 and November 1979. Besides clinical evaluation each patient underwent subtle M-mode and two-dimensional echocardiographic examination before the invasive procedures.
ECHOCARDIOGRAPHIC STUDIES M-mode echocardiographic studies were performed using an Organon ultrasonograph interfaced with a Honeywell 1856 strip chart recorder; MHz transducers focused at 7 5 and 10 cm were used. These were recorded with the patient in the supine or 30°left lateral decubitus position. The transducer was placed in the third, fourth, and fifth intercostal space at the left sternal border.
A complete M-mode sector scan from the aorta and the left atrium towards the apex was performed. The transducer was then angled towards the right shoulder to get an optimal sweep of the left atrium. During this sweep gain control was adjusted to receive clear-cut echoes of the atrial borders. Two-dimensional echocardiography was performed with a Varian V-3000 wide-angle, 840, phased array sector scanner. Serial cross-sectional images through the long and short axis of the heart were recorded by placing the transducer at the left sternal border. These views allowed visualisation of the posterior and lateral atrial walls as well as of the mitral valve apparatus. 8 The transducer was then placed at the cardiac apex impulse and from this position the four chamber apex view was obtained. This image plane allowed an additional identification of the septal parts of the left atrium and of the upper portions near the entrance of the inferior pulmonary veins. 9 10 The cross-sectional images were permanently recorded on videotape for later playback. The illustrations presented in this article are 35 mm photographs of single-frame images from the videotape.
CATHETERIZATION METHODS
All patients underwent complete left and right heart catheterisation from the right groin using the Seldinger technique.
In older patients coronary angiography was performed using the Judkins technique.
In patients with the non-invasive diagnosis of an atrial thrombus the transseptal approach to the left atrium was avoided. Fig. 3, 4) . This thrombus formation, also situated near the mitral valve apparatus, had likewise been identified by M-mode echocardiography. In one patient the echo-dense mass was attached to the posterior mitral leaflet and moved back and forth during diastole and systole (Fig. 5) . In case 5, a welldefined mass, deep within the left atrium and attached to the posterior and superior wall, was clearly demonstrated by two-dimensional echocardiography, but was not positively identified by M-mode echocardiography (Fig. 6) .
CINEANGIOGRAPHIC FINDINGS
In all five patients cineangiography via the pulmonary artery disclosed filling defects within the left atrium (Fig. 7) . The localisation of these findings was similar to that of two-dimensional echocardiography. In case 5 fluoroscopy already showed large calcification in the area of the mitral valve which moved during diastole and systole (Fig. 8) .
SURGICAL FINDINGS
In all four patients who were operated on, the left atrium contained larger thrombotic masses. These were firmly organised and fibrotic in two patients and heavily calcified in one.
In case 5 the globular mass attached to the upper part of the left atrium near the entrance of the inferior pulmonary veins consisted of partly organised and partly fresh thrombotic material (Fig. 9) . The localisation of the four thrombi correlated exactly with the preoperative twodimensional echocardiographic findings.
THROMBI NOT DETECTED BY ECHOCARDIOGRAPHY
Cardiovascular surgery showed a further eight patients with mitral stenoses and left atrial thrombi, which were not detected by echocardiography during the follow-up period of 16 months. The age of these patients was between 45 and 63 years (two men and six women). All patients were in atrial fibrillation and two had had previous embolic events.
One larger thrombus was attached to the upper part of the left atrium near the entrance of the superior pulmonary veins. Three further thrombi filled and protruded from the left atrial appendage and were also retrospectively identified by cineangiography. The other four thrombi were small, not larger than a pea, and only filled the tip of the atrial appendage.
Discussion
Until recently the only method available for the detection of left atrial thrombi has been cineangiography.11-15 Attempts to use M-mode echocardiography have been disappointing. Few published reports are to be found, all emphasising the diagnostic difficulties encountered with this method.6 7 16 17 On the other hand, the usefulness of twodimensional echocardiography in the diagnosis of intracavitary masses has been clearly documented. Larger left ventricular thrombi in patients with coronary artery disease or congestive cardiomyopathy have been detected by this method.18 19 Moreover, in patients with prosthetic mitral valves postoperatively developed left atrial thrombi have also been clearly shown.20
This follow-up study of 111 patients with mitral stenosis provides further evidence of the ability to detect left atrial thrombi by cross-sectional echocardiography. Within 16 months five large atrial thrombi were demonstrated echocardiographically, and exactly localised before angiography and operation. Using multiple parasternal and apical crosssections it is possible to look into more portions of the left atrial cavity.10 In particular the apex views allow an exact examination of the septal and lateral walls. 9 The upper left atrial portion near the entrance of the inferior pulmonary veins is visible as well. In correlation with the morphological findings the extent and the size of the thrombi could be estimated in our study. Because of the spatial orientation and the better judgement of the dynamic movement of the left atrial masses, vague M-mode findings were clearly interpretable. In our experience two-dimensional echocardiography is therefore superior to the one-dimensional technique.
The diagnostic difficulties encountered in the use of M-mode echocardiography are well known in the presence of immobile thrombi which are in broad contact with the left atrial wall.2' Only masses in the neighbourhood of the mitral valve region are normally recorded by a routine M-mode sweep. But even then the strong continuous echoes of the anterior border of a left atrial mass can be misinterpreted as the true left atrial wall. False negative findings are also possible. Linear paralleling or fuzzy echoes are often observed within the left atrial cavity in spite of proper gain settings and can be mistaken for clots. The exact mechanism of the production of these artefacts is unclear. 22 Using time-motion echocardiography, we obtained broad bands of echoes in front of the left posterior wall in three patients with mitral stenosis. These findings were consistent with the diagnosis of a left atrial thrombus. 16 17 20 The true extent of the thrombotic mass, covering the septal, lateral, and upper left atrial walls, could then be established with cross-sectional imaging. In one case with a calcified thrombus attached to the posterior mitral leaflet, M-mode echocardiography suggested mitral valve ring calcification. This could be ruled out, however, using the mitral valves maintains that thrombi may be imaged within days of their formation.0 In contrast to the ultrasound method, cineangiography also images the left atrial appendage, one of the main locations of left atrial thrombi. Clinicopathological studies indicate that mural thrombi in mitral stenosis are restricted to the left atrial appendage in approximately half of the cases. 3 In keeping with previous reports, this invasive method was more successful and located two-thirds of thrombi subsequently found at operation. [12] [13] [14] Nevertheless, the information provided by ultrasound can be most helpful in the management of patients. Warned of the presence of a thrombus, the surgeon can eliminate the rare potential risk of embolism during left heart catheterisation and during injection of dye into the left atrium. In five patients with positive echocardiographic findings, pulmonary artery injection of dye with followthrough to the left atrium was performed. In three of these five patients the thrombotic mass had also covered the interatrial septum, the point where the transseptal catheter normally passes into the left atrium.
Anticoagulation is urgently indicated after the non-invasive diagnosis of a left atrial thrombus. Two of our five patients had had previous embolic events, one 
